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COMPARISON OF VENlTS SWINGBY AND MINIMUM-ENERGY 

TECHNIQUES FOR MANNED MARS ORBITING MISSIONS 

By James J. Taylor 

SUMMARY 
* 

A study of manned Mars-orbiting missions t h a t  swing by Venus on e i t h e r  
t h e  inbound or outbound l e g  has been made f o r  departures  i n  t h e  1977 through 
1985 cycle .  
with those  of minimum-energy manned Mars o rb i t i ng  missions.  

Velocity requirements and s c i e n t i f i c  payloads were compared 

The propuls ive ve loc i ty  requirements f o r  Mars o r b i t i n g  missions which 
use t h e  Venus swingby technique a r e  shown t o  be g rea t e r  than  those  f o r  t h e  
minimum-energy missions by approximately 6000 fps .  
t i o n  i s  approximately 1 0  months l e s s  than  t h e  minimum-energy missions.  
However, t h i s  reduct ion i n  mission time i s  achieved by reducing t h e  s t a y  
time i n  M a r s  o r b i t  by an equivalent amount ( i . e . ,  1 0  months). The Earth 
en t ry  ve loc i ty ,  although low f o r  some oppor tuni t ies  i s  1 0  000 f p s  g rea t e r  
than t h e  minimu-energy missions fo r  those  swingby oppor tuni t ies  which 
present modest spacecraf t  propulsion requirements. 

The t o t a l  mission dura- 

The S c i e n t i f i c  payload del iverable  t o  t h e  Martian o r b i t  i s  compared 
with t h a t  of t h e  minimum-energy missions by assuming equivalent spacecraf t  
weights. 
400 000 l b  about t h e  Earth at 262-1-1. m i .  a l t i t u d e  i s  s u f f i c i e n t  t o  place 
11 000 l b  of s c i e n t i f i c  payload i n  Martian o r b i t  and t o  i n j e c t  1000 l b  of 
it t o  Earth.  The 11 000-lb o r b i t a l  payload is  about 1 0  percent of t h e  
payload capab i l i t y  of t h e  minim-mi-energy mission. 

An assembly of four  uprated Saturn V ' s  capable of o rb i t i ng '  

INTRODUCTION 

. Manned Mars o rb i t i ng  missions t h a t  swing by Venus have received con- 
s ide rab le  study ( r e f s .  1, 2,  3, and 4) because of t h e  p o t e n t i a l l y  advanta- 
geous trade-off between mission durat ion and energy requirements.  

The purpose of t h e  ana lys i s  presented is  t o  use  t h e  information i n  
re ference  3 t o  determine t h e  propulsive ve loc i ty  and spacecraf t  weights 
required for t h e  Venus swingby missions and t o  compare t h e  r e s u l t s  with 
s i m i l a r  r e s u l t s  of t h e  minimum-energy manned M a r s  o r b i t i n g  missions 
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descr ibed i n  re fe rence  6. Reference 3 l i s t s  parameters of t h e  Venus swing- 
by t r a j e c t o r i e s  as func t ions  of t o t a l  mission dura t ion ,  s t a y  t ime i n  Mars 
o r b i t ,  Earth departure  da t e ,  and Mars a r r i v a l  d a t e  for inbound and outbound 

I Venus swingbys. 
I 

The minimum-energy manned Mars o r b i t i n g  mission cons i s t s  of two near- 
Hohmann planetary t r a n s f e r s  with an appropr ia te  wait t ime between t r a n s f e r s .  
The "appropriate" w a i t  t ime i s  approximately 300 days,  and t h e  t o t a l  mission 
t ime i s  about 950 days. Any dev ia t ion  t o  t h i s  f l i g h t  p l an ,  such as a Venus 
swingby, r e s u l t s  i n  increased energy requirements.  However , t h e  reduced 
mission time assoc ia ted  with t h e  Venus swingby may be des i r ab le .  

e 

ANALYSIS AND RESULTS 

Mission P r o f i l e  

Figure 1 i s  a schematic of t h e  he l iocen t r i c  phase of an outbound swing- 
by and an  inbound swingby. 
t o  reduce t h e  he l iocen t r i c  f l i gh t -pa th  angle  at encounter with t h e  next 
p lane t .  
departure  i n  1977, 1979, 1983, and 1985. 
t h e  lowest energy f o r  t h e  1981 opportuni ty .  

The Venus encounter bends t h e  t r a j e c t o r y  so as 

The outbound swingby r e s u l t s  i n  t h e  lowest energy requirements f o r  
The inbound swingby r e s u l t s  i n  

The following i s  a t y p i c a l  sequence of t h e  major events  f o r  an out- 
bound Venus-swingby - Mars-orbiting mission. This sequence of events  i s  
t h e  mission p r o f i l e  assumed f o r  t h e  swingby ana lys i s ;  it i s  i d e n t i c a l  with 
t h e  minimum-energy p r o f i l e  of re ference  6 except t h a t  it swings by Venus 
and it does not allow a manned Mars landing.  The manned landing i s  not 
attempted i n  t h i s  p r o f i l e  because it would r equ i r e  increased energy and 
longer s t a y  t i m e .  

The sequence of events assumed for t h e  ana lys i s  fol lows:  

1. Earth o r b i t  assembly occurs i n  a 262-11. m i .  c i r c u l a r  o r b i t .  The 
completed assembly cons i s t s  of t h r e e  o r b i t a l  launch s tages  and t h e  space- 
c r a f t .  . 

2. Planetary i n j e c t i o n  i s  accomplished i n  t h r e e  s t ages  with an i n t e r -  
mediate coast  i n  an e l l i p t i c a l  o r b i t  between t h e  s t ages .  
t h r e e  s tages  reduces t h e  l a r g e  g r a v i t y  losses t h a t  would accompany a s i n g l e  
burn of about 45 minutes. 

I n j e c t i n g  with 

3. Venus encounter occms  about 160 days a f t e r  Earth depar ture .  The 
Venus pe r i aps i s  d i s t ance  v a r i e s  between 75 and 400 n. m i .  , depending on 
t h e  p a r t i c u l a r  t r a j e c t o r y .  
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4. 
p e r i a p s i s  a l t i t u d e  i s  200 n. m i .  
1 0  000-n. m i .  o r b i t  by t h e  Mars o rb i t  i n s e r t i o n  ( M O I )  s tage .  

Mars a r r i v a l  occurs about 170 days a f t e r  Venus passage. The 
The spacecraf t  i s  slowed t o  a 200- by 

5. The p lane t  i s  inves t iga ted  during t h e  0- t o  60-day s t a y ;  impact 
probes and s o f t  l anders  a r e  deployed. 

6. Transear th  i n j e c t i o n  ( T E I )  occurs at about 360 days i n t o  t h e  
m i s  s ion. 

7. Earth en t ry  occurs a f t e r  a t o t a l  mission t ime of approximately 
680 days; en t ry  ve loc i ty  i s  50 000 fps  or l e s s .  

For an inbound swingby, t h e  pos i t ion  of t h e  Venus encounter changes 
i n  t h e  sequence. 

Velocity Requirements 

The v e l o c i t y  requirements fo r  mission opportuni ty  i n  1977 , 1979 , 1981 , 
This d a t a  i s  der ived 

The nonmission- 
1983, and 1985 a r e  summarized i n  f igu res  2, 3, and 4. 
from reference  3 but includes a nominal v e l o c i t y  budget. 
dependent v e l o c i t y  budget i s  as follows : 

1. Gravity and s t ee r ing  lo s s  a t  Earth depar ture  - 325 f p s .  

2. Earth-to-Venus midcourse cor rec t ions  and a r t i f i c i a l  g rav i ty  spin- 
UPS - 500 fps .  

3. Venus-to-Mars midcourse cor rec t ions  and a r t i f i c i a l  g rav i ty  ,spin- 
UPS - 500 f p s .  

4. Gravi ty  and s t ee r ing  l o s s  at M O I  - 100 f p s .  

5. Mars o r b i t  maneuver and a r t i f i c i a l  g rav i ty  spin-ups - 500 f p s .  

6. Gravity and s t ee r ing  lo s s  f o r  TEI  - 50 f p s .  

7. Mars-to-Earth midcourse co r rec t ion  and a r t i f i c i a l  g rav i ty  spin-  
UPS - 500 fps .  

The t o t a l  v e l o c i t y  budget f o r  t h e  spacecraf t  i s  2150 f p s ,  which i s  
500 fps  higher  t h a n  t h a t  required f o r  t h e  minimum-energy mission. 
increase  i s  caused by t h e  increased midcourse requirements f o r  an accura te  
Venus passage. 

The 
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Figure 2 shows t h e  v e l o c i t y  requirements for a 12-hour s t a y  t ime a t  
This does not imply a f r ee - r e tu rn  type  of t r a j e c t o r y  but r a t h e r  a 

The d a t a  i s  included here  t o  provide con t inu i ty  

Mars. 
re t rograde  maneuver t o  o r b i t ,  a coast  f o r  one revolu t ion ,  and an immediate 
posigrade burn f o r  T E I .  
from 0- t o  60-day s t ays .  

The v e r t i c a l  bars i n  f i g u r e s  2,  3 ,  and 4 i n d i c a t e  t h e  requirements f o r  
a 20-day Earth departure  window assuming TMI occurs on t ime.  The v e l o c i t y  
requirements f o r  t h e  minimum-energy mission a r e  shown i n  f i g u r e  5 with t h e  
same ve loc i ty  budget (except f o r  t h e  add i t iona l  500-fps midcourse AV) in -  
cluded i n  the  da ta  as i n  t h e  swingby case.  The maximum v e l o c i t y  requi red  
onboard t h e  spacecraft  ( M O I  and T E I )  occurs i n  1983 f o r  both t h e  Venus 
swingby and the minimum-energy mission, The Venus swingby requi res  about 
11 000 f p s  more ve loc i ty  onboard t h e  spacecraf t  i n  1983 than  i s  required 
with t h e  minimum-energy mission. However, t h e  Venus swingby i n  1979 and 
1985 can be accomplished with an onboard c a p a b i l i t y  of 1 6  000 f p s ,  which 
i s  only 6000 fps  higher t han  t h e  1985 minimum-energy mission. 
and 1985 mission durat ions a r e  680 days with t h e  Venus swingby and 1000 days 
wi th  t h e  minimum-energy p r o f i l e .  

The 1979 

Spacecraft  Weights 

The t o t a l  spacecraf t  weight required f o r  t h e  1977 through 1985 missions 
i s  p l o t t e d  i n  f igu res  6 through 1 0  as a func t ion  or" payload deployed i n  Mars 
o r b i t  and f o r  o r b i t i n g  t imes from 0 t o  60 days.  The t o t a l  spacecraf t  weight 
i s  t h a t  weight required immediately following t r ansp lane ta ry  i n j e c t i o n .  The 
bas ic  module weights a r e  l i s t e d  below: 

Mission module (d ry ,  crew 4), l b  . . . . . . . . . . .  35 000 

Earth entry module, l b  . . . . . . . . . . . . . . . .  1 5  l o o  
Gravity tube,  l b  . . . . . . . . . . . . . . . . . . .  3 000 

1 4  000 
Experiments (on'board), l b .  . . . . . . . . . . . . . .  1 000 

73 840 

Meteoroid p ro tec t ion ,  l b  . . . . . . . . . . . . . . .  5 740 

Expendables, l b .  . . . . . . . . . . . . . . . . . . .  
Tota l  weight, l b  . . . . . . . . . . . . . . . . . . .  
The spec i f ic  impulse and s t age  mass f r a c t i o n  f o r  t h e  M O I  and T E I  s tages  

are 400 seconds and 20 percent .  

A booster  c a p a b i l i t y  of 400 000 l b  t o  a 262-n. m i .  o r b i t  would r e s u l t  
i n  about 380 000 l b  of u s e f u l  spacecraf t  payload where 20 000 l b  i s  l o s t  
due t o  docking s t r u c t u r e s  , spacecraf t /boos te r  i n t e r s t a g e  , rendezvous pro- 
p e l l a n t .  
20 000 lb less due t o  propel lan t  b o i l o f f ,  ( i . e . ,  u se fu l  weight 360 000 l b ) .  
I f  t h e  booster  capab i l i t y  were increased t o  500 000 l b  t o  o r b i t ,  then  t h e  
u s e f u l  spacecraft  weight i s  480 000 lb and t h e  OLV weight i s  460 000 l b .  

The o r b i t a l  launch veh ic l e  (OLV) use fu l  weight would be about 
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The spacecraf t  can be launched i n  one or more pieces  and thus  exceed 
380 000 l b  o r  480 000 1-by but a s ingle  launch i s  preferab le  i f  poss ib le .  

The ve loc i ty  ava i l ab le  f o r  t ransplanetary i n j e c t i o n  i s  l i s t e d  i n  
t a b l e  I as a funct ion of t h e  number of OLV s tages .  It i s  assumed t h a t  t h e  
spacecraf t  weight i s  20 000 lb less than  t h e  booster payload c a p a b i l i t y  
and t h e  OLV usefu l  weight i s  40 000 11; less  than  t h e  booster capab i l i t y .  
The OLV spec i f i c  impulse i s  433 seconds, and t h e  s tage  mass f r a c t i o n  i s  
1 0  percent .  Three OLV's w i l l  provide s u f f i c i e n t  i n j e c t i o n  v e l o c i t y  f o r  
a l l  f i v e  opportuni t ies  shown i n  f igures  2 through 4; i n  1981 only two OLV's 
are needed. However, t h i s  assumes t h a t  t h e  t o t a l  spacecraf t  weight i s  
equal t o  o r  less  than  t h e  s ing le  launch capab i l i t y .  The 1977, 1981, and 
1983 opportuni t ies  r equ i r e  a t o t a l  spacecraf t  weight g rea t e r  t han  480 000 l b  
so t h a t  even t h e  l a r g e r  booster i s  not enough with t h e  single-launch space- 
c r a f t  concept. 
weights and are f e a s i b l e  missions,  at  l eas t  from performance considerat ions.  

The 1979 and 1985 opportuni t ies  r equ i r e  l e s s e r  spacecraf t  

Table I1 i s  a weight breakdown of  a 380 000-lb spacecraf t  capable of 
performing t h e  1979 mission with a 1 0  000-lb payload and a 30-day Mars s t a y ,  
or t h e  1985 mission with a 5000-lb payload and a 10-day s t ay  i n  Mars o r b i t .  
If t h e  spacecraf t  weight i s  increased t o  480 000 l b ,  then  t h e  payload f o r  
t h e  1979 mission i s  50 000 l b  and t h e  1985 mission payload i s  30 000 l b  
with a 25-day s tay .  An increase i n  spacecraf t  weight could be used f o r  
f u e l  instead of payload and a 480 000-lb spacecraf t  with 1 0  000-lb payload 
i s  capable of 18 230 f p s  ( i . e .  , M O I  AV and TEI AV). 
1977 and 1981 departures  marginally ava i lab le  ( i . e . ,  t h e  20-day window be 
reduced).  

This would make t h e  

CONCLUSIONS 

If used f o r  Mars o rb i t i ng  missions during t h e  1577 twough  1985 cyc le ,  
t h e  Venus swingby technique reduces t h e  t o t a l  mission dura t ion  from t h e  
2.8 years  f o r  t h e  minimum-energy technique t o  1.8 years .  The reduct ion 
i s  achieved at t h e  cost  of t h e  following items when conpared with t h e  
miminum-energy mission: 

1. An 80 percent reduction i n  Mars o r b i t  staytime. 

2. A 90 percent reduct ion i n  Mars o r b i t  payload. 

3. A 25 percent increase i n  Earth en t ry  ve loc i ty .  

4 .  A 60 percent reduction i n  Earth departure  windows. 
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TABLE I. - TRANS-MARS INJECTION V E ~ C I T Y  CAPABIIJTY~ 

Number of OLV's 

1 

Single  OLV 
weighting 380 000 lb 

av, fps  

7 897 

12 690 

16 140 

18 836 

21 050 

Single  OLV 
weighting 480 000 l b  

AV, f p s  

7 989 

12 820 

16 291 

19 002 

21 226 

a The. spacecraft  weight equals t h a t  of one OLV. 
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MM dry (crew - 4) . . . . . . .  

. 

Tota l  dry weight. . . . . . . .  
M O I  f u e l .  . . . . . . . . . . .  
T E I  f u e l .  . . . . . . . . . . .  

,GRAND TOTAL . . . . . . . . . .  

TABU 11.- SPACECRAliT WEIGHTS FOR A VENUS-FLYBY - MARS-ORBITAL 

M I S S I O N  I N  1979 W I T H  A 30-DAY STAY AT MARS 

- 

Component 

Meteoroid pro tec t ion .  . . . . .  
EEM . . . . . . . . . . . . . .  
Gravity tube.  . . . . . . . . .  
Onboard experiments . . . . . .  
Expendables . . . . . . . . . .  
Experiments (deployed 

i n  o r b i t )  . . . . . . . . . .  
T o t a l . .  . . . . . . . . . . .  

MOI s tage  (d ry )  . . . . . . . .  
TEI s tage  (d ry )  . . . . . . . .  
T o t a l . .  . . . . . . . . . . .  

Tota l  

35 000 

5 740 

I 1 5  l o o  

3 000 

1 000 

14 000 

10 000 

38 308 

11 052 

83 840 

49 360 

55 263 

380 000 

I 
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Venus swingby. 

Venus swingby. 

. 

Figure 1 .- A schematic of the Venus swingby technique for Mars orbiting missions. 
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second i n j e c t i o n  opportunity 

addi t ive  t o  Tst f o r  coas t  time c r i t e r i a  f o r  

th i rd  in j ec t ion  opportuni ty  

P I  P,, P3 c e n t r a l  angle from r a d i a l  a t  r e s t a r t  p repara t ion  
i n i t i a t i o n  t o  node of parking o r b i t  plane and 
desired cu tof f  plane, f o r  first, second, third 
in j ec t ion  oppor tuni t ies ,  respec t ive ly  

(.a) Tlo reference time of launch; usual ly  time of launch 
f o r  first opportunity i n  window, measured from 
midnight 

a r c  radius of perigee c i r c l e  

desired cu tof f  energy; twice v i s  viva energy 

desired e c c e n t r i c i t y  a t  cu tof f  

0% D W n  

it, In 

right ascension, dec l ina t ion  of t a r g e t  vec tor  

.difference i n  time of launch from reference  
time of launch (n = 1,2,3, .... 15; cos 0, C 

FA, DEC a r e  s tored  funct ions of !I") eN ' 
I 3' 

Input i f  TU1 = 1. R 
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OITS* 

( a )  DTIG 

Change 2, Apr i l  23, 1968 
nominal c e n t r a l  angle between the  t a r g e t  vector ,  
f’ and t h e  nodal vec tor  9 

c o e f f i c i e n t s  of a polynomial TS 

r i g h t  ascension of launch s i t e  a t  reference 
time of launch (Tm) 

geodetic l a t i t u d e  of launch s i t e  

constant  A time from TB6 t o  time a t  which IGM 
i s  entered 

constant  A time from TB6 t o  i g n i t i o n  

c o e f f i c i e n t  of p i tch ,  yaw polynomials i n  
r e s t a r t  guidance 

hln’ h2n’ h3n c o e f f i c i e n t s  f o r  launch azimuth polynomials 
(n = 0,1,2,3,4) 

normalizing values used i n  launch azimuth 
polynomials 

values of t ind ica t ing  bounds f o r  usage of 

each of t h e  t h r e e  AZ polynomials 
D 

I tD1’ tSDl 

tD2’ tSD2 

tD3’ tSD3 

%SO’ tDS1’ 

tDS2’ tDS3 

Real-time Inputs  

IOPP 

C 
t 

ind ica t e s  i n j e c t i o n  opportunity;  i f  
= 1, first opportunity 
= 2, second opportunity 
= 3, t h i r d  opportunity 

t i m e  of coas t  i n  e a r t h  parking o r b i t  

a Input i f  TU1 = 1. 
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Change 2, A p r i l  23, 1968. 
a c t u a l  time of launch; usually measured from 
midnight 

launch azimuth 

a c t u a l  burn t i m e  f o r  f i rs t  S-IVB burn 

nominal burn time for first S-IVB burn 

l i m i t  on d i f fe rence  f o r  first S-IVB burn t i m e  

nominal radius  a t  i gn i t i on  

estimate of t r u e  

estimate of burn 

coef f ic ien t  used 

estimate of burn 
during t h i r d  IGM 

anomaly a t  cu tof f  

time f o r  t h i r d  IGM s tage  

t o  determine T' 3 

time f o r  vehicle  deplet ion 
s tage 

computation i n t e r v a l  

current  pos i t  ion vector 

current ve loc i ty  vector 

ind ica tes  i f  t a r g e t  update has occurred; if 
= 0, no update 
= 1, update t a r g e t i n g  and input the  following 

e des i r ed  e c c e n t r i c i t y  of cu t  off  e l l i p s e  

(see above) 

i, eN (see below) 
c3 

0 t r u e  anomaly of descending node of 
desired cutoff  plane 

f estimate of t rue  anomaly a t  cutoff  

T B ~  time t o  i n i t i a t e  r e s t a r t  preparation 
and the  parameters indicated by an 
a s t e r i s k  ( a )  above 

a Input if TU1 = 1. 
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Change 2, A p r i l  23, 1968 
INTEFMEDIATE PARAMETERS 

nodal  vector ;  def ines  node of des i red  cu tof f  
plane and parking o r b i t  plane a t  time of r e -  
s t a r t  pre para t ion  i n i t i a t i o n  

p i tch ,  yaw i n  r e s t a r t  guidance 

t ransformation matrix,  from plumbline t o  nodal 
coordinate system; nodal coordinetes  referenced 
t o  parking o r b i t  plane and e q u a t o r i a l  plane 

weight flow r a t e  

cu r ren t  vehicle  weight 

t h r u s t  acce le ra t ion  ma gni  t ude 

t h r u s t  ac ce l e r a  t ion  vector  

OUTPUT 

time of r e s t a r t  preparat ion i n i t i a t i o n  

t i m e  a t  which IGM is  entered 

time of i g n i t i o n  

t ransformation matrix;  plumbline t o  nodal co- 
ord ina tes ;  nodal coordinate  system referenced 
t o  desired cu tof f  plane and e q u a t o r i a l  plane 

estimated r a d i a l  magnitude a t  cu tof f  

estimated ve loc i ty  magnitude a t  cu tof f  

estimated f l i g h t - p a t h  angle a t  cu tof f  

g r a v i t a t i o n a l  acce le ra t ion  a t  cu tof f  
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T3 

T3 

i 

0n 

'n 

e 

f 

P 

Chnnge 2, A p r i l  23, 1968 
estimated burn t i m e  f o r  t h i r d  IGM s t age  

estimated burn t i m e  f o r  vehicle dep le t ion  a f t e r  
mixture r a t i o  s h i f t  

transformation matrix;  ephemeral t o  plumbline 

s t a t e  a t  t = t f DTGM 
ign 

i n c l i n a t i o n  of desired cutoff  e l l i p s e  

descending node of desired cutoff e l l i p s e ,  
measured a s  defined above 

semilatus rectum of nominal cu to f f  e l l i p s e  

e c c e n t r i c i t y  of des i r ed  cutoff e l l i p s e  

t r u e  anomoly of descending node 

estimated t rue  anomoly a t  cu to f f  

semilatus rectum of desired cutoff  e l l i p s e  
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Flow chart B-2.- Detailed flow for subroutine HYPER. - Continued 
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Flow chart 6-2.- Detailed flow for subroutine HYPER. - Continued 



1 
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4 1 9 -  Flow chart B-2.- Detailed flow for subroutine HYPER. - Continued 
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Change 2, Apri l  23, 1968 

. 
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Flow chart B-2.- Detailed flow for subroutine HYPER. - Continued 
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Flow chart B-2.- Detailed flow for subroutine HYPER. - Continued 
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Change 2, A p r i l  23,  1968 

I 

Flow chart B-2.- Detailed flow for subroutine HYPER. - Concluded 



102 

K 5 
IUD 

'2 

A t  '2 

t 
P 
IMRS 

Pc 

UP 

T2 

'ex2 

Change 2, A p r i l  23, 1968. 
funct ion of p, p 

f l a g ;  i f  
= - 1 i n d i c a t e s  r e s t a r t  guidance angles 
t o  be transformed t o  t h r u s t  acce le ra t ion  
vector 

= -1-1 i nd ica t e s  t = (tign + DTGM) 

(see below f o r  d e f i n i t i o n )  

I n i t i a l i z e d  Data - Constant 

= o  

= o  
cutoff  l og ic  parameters 

= o  1 

= o (see below) 

f l a g  i n i t i a w  s e t  t o  -1; i f  
= -1 ind ica t e s  mixture r a t i o  s h i f t  has 
not oc c urred 
= +1 i nd ica t e s  MRS has occurred, b u t  
guidance i s  i n  a r t i f i c i a l  t a u  mode 
= 0 ind ica t e s  completion of a r t i f i c i a l  
t au  mode 

= o (see below) 

f l a g  i n i t i a l l y  s e t  t o  -1; i f  
= -1 ind ica t e s  update of burn time 
estimate and recycle  through range angle 
computations 
= +1 i nd ica t e s  no update of burn time 
es t i rmte  

Variables 

second (guidance) s tage  burn time 

exhaust ve loc i ty  - second IGM s tage  

I var iab les  used i n  a r t i f i c i a l  t a u  mode 
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DETW L E D  F L o d  
suowmw rw; 

(7 START 

I: Flow chart B-4.- Detailed flow for subroutine IGM. 
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Flow chart 8-4.- Detailed flow for subroutine IGM. - Continued 
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Flow chart B-4.- Detailed flow for subroutine IGM. - Continued 

Change 2 ,  Apri l  23, 1968 

FPAG~I o F 
, 7 113 

L,' + AL, 

'3 



122 
Change 2 ,  A p r i l  23, 1968 

Flow chart B-4.- Detailed flow for subroutine IGM.- Continued m 
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Flow chart B-4.- Detailed flow for subroutine IGM. - Continued 
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(CUTOFF LOGIC) 

Flow chart B-4.- Detailed flow for subroutine IGM. - Continued 
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Figure 3.- Venus swingby mission velocity requirements wi th  3 0 d a y  stay time at Mars. 
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Figure 4.- Venus swingby mission velocity requirements with 6 W a y  stay time at Mars. 
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Stay time in Mars parking orbit, days 

Figure 6.- 1977 Mars orbiting mission using Venus outbound swingby. Total mission duration 
is 600 to 640 days. 



Stay time i n  Mars parking orbit, days 

Figure7.- 1979 Mars orbiting mission using Venus outbound swingby. Total mission duration 
i s  640 to 680 days. 
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Stay time in Mars parking orbit, days 

Figure 8.- 1981 Mars orbiting mission using Venus inbound swingby. Total  mission duration 
is  600 to 640 days. 
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Stay time in  Mars parking orbit, days 

Figure 9.- 1983 Mars orbiting miss.ion using Venus outbound swingby. Total mission duration 
is  600 to 640 days. 



Stay time in Mars parking orbit, days 

,- 

Figure 10.- 1985 Mars orbiting mission using Venus outbound swingby. Total  mission duration 
is 560 to 680 days. 
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